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Abstract 
Hydrographic data collected from east coast of India during 1994 monsoon period 
revealed that these waters are highly characterized by upwelling especially in the coastal 
waters with more intensity in the southern part of the region. However, the near surface 
salinity stratification consequent to high fresh water inflow into the bay was absent in 
the present study. Oil sardines are directly influenced by hydrographic parameters such 
as salinity and temperature and stratification of these parameters are the major reasons 
for non-availability/migration of oil sardine from this region in the earlier years. 
Considering the recent topographical change in the east coast coupled with hydrological 
stability an attempt has been made in this paper to give reasonable justification to the 
reported bumper catches of oil sardines from 1994 on wards in the east coast oflndia. 
Key words: Hydrography, Upwelling, Stratification, Sardine fishery 
Introduction 
Earlier studies conducted in the shelf waters and adjoining areas of the Bay of 
Bengal in the east coast of India revealed that these waters are highly influenced by 
changing wind pattern over the Bay and the prevailing current system coupled with 
large amount of fresh water discharge in to the coastal waters at different points along 
the coast. The water quality characteristics of the area have been studied earlier by 
Murthy and Varadachari (196&),..Hastenrath and Lamb (1979), Gopalakrishna and Sastry 
(1985), Sasmal (1989), Shetye et al (1991) and Suryanarayana et al (1992). According to 
Ramana (1985) salinity and temperature appear to play a vital role on the appearance and 
disappearance of oil sardine. Considering this aspect and available data on hydrography, 
land use and oil sardine landings a comparative study has been made. 
Material and methods 
The data for the present study pertain to the FORV Sagar Sampada cruise No. 121 B 
from the Bay of Bengal region during 1994 and fish landing data collected and published 
by CMFRI from 1989 to 1997. Water samples collected at all standard depths from the 
coastal and off-shore stations up to a maximum depth of 500 m along transects 16°30', 
17°30', 18°30' and 19°30' N. Temperature, salinity and dissolved oxygen were obtained 
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100m depth -:remperaltUre stratification was 'Ui'VLill.ll-"!i'-''ll" 
constanL Upwelling resulted ibm higher salinities the 
was noticed from depths up to m in saHn.ity and oxygen fi.dds. T emperatwre 
oxygen V@lues mt surface showed an increase towards off-shore 
17°30' (Fig. upsloping of isotherms was noticed in the shelf region to m 
maximum depth of abom 75 m and below these depths isotherms showed downward 
indicating downwelling, low salinity pool was observed outside the shelf at 1 
and beyond this zone the salinity showed an increasing trend. The mixed layer found 
extending up to 40-50 m depth zone in the off-shore stations (both 16°30' and 17°30' 
The presence of higherr salinity water near the coast and comparatively low oxygen 
values near surface layerrs were the characteristics of upwelling. Salinity gradient was 
absent below 100 m depth. However, surface temperature values were comparatively 
high near the coast. 
Along the latitude 18°30' (Fig. 3), isotherms showed an upward tilt towards shallow 
coastal region from a depth of 70 m and below this depth isotherms tilted downward 
indicating downwelling. Temperature values near the coast were comparatively low and 
showed an increasing trend towards off-shore region. The top mixed layer temperature 
was generally high at off-shore stations. While in the coastal stations salinity values were 
relatively high with low oxygen conten1L 
At latitude 19°30' (Fig. 4), isotherms showed an upward tilt towards the coast with 
comparatively low temperature values near the coast. Water with higher salinity 
prevailed at coastal stations, while below lOOm depth salinity values remained more or 
less uniform. Dissolved oxygen values also were high at coastal stations. 
UpwelHng intensity is observed more in the southern sections from the vertical 
distribution of isolines. Temperature values at surface were lower in the sections at 
16°30' and l9°30'N, while generally higher values were observed at l7°30'N. The 
temperature (Fig. 5) values near the coast were also low towards northern latitudes. The 
surface distribution (Fig. 6) indicated the presence of high salinity near the coast and it 
showed a decreasing trend towards off-shore region. Salinity values near the coast at 
surface were comparatively lower in the northern latitudes. Surface oxygen values (Fig. 
7) were relatively low near the coast and showed gradual increase towards offshore 
stations at 16°30', 17°30', and 18°30'N. While at latitude 19°30' N oxygen values were high 
near the coast and decreased towards offshore station. From the salient features of the 
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Ground-truth information were gathered from land use data of east coast of India, 
revealed that many dams were commissioned recently which are close to rivers Krishna 
and Godavary in the east coast, this will create a blockade to the river discharge, 
ultimately to the Bay. This may be the possible reason for reduction in river water input 
in to the Bay. This in turn affects stratification of salinity and temperature. 
Oil sardine catches of southeast coast of India for a period of 9 years, i.e. 1989 to 
1997 (Table 1) showed gradual increase in catch year after year when compared to 
southwest cost catches of India. In 1994 it exceeded Southwest coast catches. The catch 
reported in 1994 in the southeast coast was 43,000 tones and in southwest coast were 
3,000 tones. Thereafter tremendous increase in catches were recorded in the southeast 
coast and in the year 1997 highest catch of about 1,11,500 tones was recorded. 
Table l. Oil sardine landings along Indian coasts (tons) 
Area 1989 1990 1991 1992 1993 1994 1995 1996 1997 
South 21,000 38,000 94,000 38,200 39,000 43,000 37,000 70,000 1,11,500 
-East 
South 2,38,000 2,22,000 1,42,000 66,000 56,000 3000 18,000 39,000 1,11,000 
-west 
(S.E-Bay of Bengal & S.W-Arabian Sea-CMFRI, Published data) 
Discussion 
The mixed layer temperature was generally high at all sections, but below the 
thermocline layer the temperature profile indicated a decreasing trend towards northern 
latitudes. Salinity value showed an increasing trend towards the bottom at all sections 
and decreased towards offshore stations. 
The general pattern of isotherms indicates upwelling of subsurface waters to the 
shallow coastal region. The temperature profile below the upwelling zone indicated 
sinking which is more prominent at 17°30' N and weak at l8°30'N. Upwelling formation 
was best marked by temperature and salinity distribution near the coast. The upsloping 
of isolines was noticed from deeper depths in the southern sections than the north. A 
relatively less saline water was observed in the off- shore stations at all sections (16°30' to 
19°30' N). Below the upwelling band salinity remained more or less constant, 
temperature showed decreasing trend especially towards northern sections. The 
downwelling features observed in certain sections were indicative of sub surface current 
prevailing in the area. 
From the earlier reports during the southwest monsoon period pertaining to June-
August months, it was observed that these waters were .under the strong influence of 
fresh water discharge. However though refers to the ·beginning of the southwest 
monsoon season, the water characteristics did not show any positive influence of river 
discharge to the sea in the present study. The newly commissioned dams near Godavari 
and Krishna rivers, instead of discharging into the sea, diverting the fresh water flow 
which reduces stratification. 
72 
Hydrography of the Bay of Bengal 
Ganapati and Murty (1955) reported fall in surface temperature during April-May 
and July-August. They attributed this to the upwelling of waters from the sub surface 
layers. Lafond (1954) reported upwelling in some years during summer months. 
Pronounced upwelling in March-April and July-August at Waltair was noticed. The 
wind distribution over the Bay of Bengal favors upwelling in the east coast of India 
during southwest monsoon period and upwelling driven by local wind alone occurs in 
the western boundary region of the Bay (Suryanarayana et al 1992). Cutler and Swallon 
(1984) reported that the drifts did not show consistent trend in the bay during May-
September, although from September to January the flow was equatorward and from 
January to May it was poleward. The hydrographic features in the present study clearly 
indicate the occurrence of upwelling in the section at 16°30' and 18°30' N characterized 
by presence of low temperature, high salinity and low oxygen. There have been reports 
of upwelling during this period along the East Coast (Lafond 1957, Murthy and 
Varadachari 1968). Sasmal (1989) reported that the isotherms of the subsurface layer 
along l9°N associated with low temperature water in the southern sector at 50 m level 
indicated upwelling along the coast. Sanilkumar (1995) observed upsloping of isotherms 
towards the coast off-Visakhapatnam throughout the upper 100 m water column from 
the observations of R.V. Gaveshani cruise in June'86 indicating the extension of 
upwelling at least to a depth of 100 m. Shetye et al (1991) reported signatures of 
downwelling below the upwelling band along the western boundary of the Bay of Bengal 
indicating a southward undercurrent. Similar features were also observed in the present 
study at 17°30' and 18°30' N. Most of the freshwater influx to the bay occurs during the 
southwest monsoon. The formation of low salinity plume like structure in the northern 
latitude observed in the present study is due to the combined effect of upwelled water 
and low salinity water in the northern latitudes. A similar structure moving southward 
also was reported by Shetye et al (1991) in their study during the southwest monsoon 
period. But in contrast to their observation, a near surface salinity stratification 
consequence of high fresh water inflow in to the bay was not found in the present study. 
As far as oil sardines are concerned, they cannot tolerate large fluctuations of salinity 
and temperature. According to Nathaniel (1988), there is an optimum range of 
temperature and salinity, which coincided with sardine, catch and whenever salinity and 
temperature recorded above or below the optimum value, less oil sardine catch was 
reported. Hence it is evident that sea water temperature, salinity and other 
oceanographic parameters have a significant bearing on the oil sardine. Maddikery 
(1981) observed relatively high catches of oil sardine in January and September to 
November off Gangolli, when surface water temperature ranged from 28.65 to 29.95°C 
and surface salinity from 32.54 to 33.57 %o. Bensam (1970) observed high catches of 
sardine, when the temperature and salinity fluctuated between 27-28°C and 34-35%o. 
Usually the stratification in salinity and temperature are more in Bay of Bengal 
compared to Arabian Sea. This is one of the reasons of non-availability of oil sardines 
earlier from this region. The reduced stratification of salinity and temperature in the 
Bay of Bengal is due to the recent topographical changes in the east coast region i.e. 
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mainly because of new dams. This is one of the major reasons for the appearance of oil 
sardines in the east coast of India. 
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